Abstract-A phosphorus ylide bearing a 10-phenylsulfonylisoborneol unit reacted with ketenes, generated in situ from acid chlorides and triethylamine, to give allenic compounds. The reaction with methylketene led to asymmetric induction with the selective synthesis of an allene with axial chirality corresponding to an S configuration. The structure of the chiral allene 10-phenylsulfonylisobornyl penta-2,3-dienoate was determined by X-ray crystallography. Chirooptical studies of the chiral allene derivatives were done.
. ORTEPII plot of compound 4 with anisotropic displacement ellipsoids calculated at the 50% probability level. The angle between the least-squares planes C2 C1 O1 O2 and C2 C3 C4 C5 is 87.3(3)°. The absolute configuration of chiral carbons was determined by the Flack method (p=−0.013(15)) using the anomalous scattering of the sulphur atom at the Cu Ka wavelength, confirming the S,R,S absolute configuration of C10, C7 and C6. The structure of 10-phenylsulfonylisobornyl (S)-penta-2,3-dienoate (4) was determined by X-ray crystallography as illustrated in Figure 1 .
† The diffraction spectrum of the powder was obtained and was identical to the simulation of the diffraction spectrum for compound 4 based on the X-ray diffraction data collected from the single crystal. This is also in agreement with the existence of only one stereomer.
The stereochemical outcome of this asymmetric Wittig type reaction can be explained considering the mechanism outlined in Scheme 2. The presence of the chiral unit in the starting phosphorus ylide could determine the geometry of approach of the ketene as shown, leading to an allene with axial chirality corresponding to an S configuration. In order to corroborate this interpretation the lowest energy conformation of phosphorus ylide 1 and methylketene were determined by molecular mechanics calculations and indicated that the proposed geometry of approach corresponds to a favorable stereochemical interaction [8] [9] [10] (Fig. 2) .
The cleavage of the chiral auxiliary was achieved by promoting the alkaline hydrolysis 3b of allene 4. Penta-2,3-dienoic acid 11 was isolated and showed [h] D
25
=+98.
authors also reported the reaction of racemic phosphorus ylides with chiral acid chlorides which gave enantionerically enriched allenes. We have been interested in exploring the reactivity of phosphorus ylides namely their use in a non-classical Wittig reaction which offers a route to tetrasubstituted alkenes. 5 In this context we became interested in preparing chiral phosphorus ylide 1. 6 We carried out the reaction of ylide 1 with acetyl chloride and triethylamine (Scheme 1). This gave two products, the chiral allene 2 in 48% yield and the ylide 3 in 3% yield. The synthesis of allene 2 can be rationalized as the result of the Wittig reaction between the in situ generated ketene and phosphorus ylide 1.
A crucial aspect of this reaction to be studied would be to evaluate the possibility of having asymmetric induction. The presence of the 10-phenylsulfonylisoborneol unit in ylide 1 could allow the selective synthesis of allenes with axial chirality in the reaction with monosubstituted acetyl chloride and triethylamine. Accordingly, the reaction of ylide 1 with methylketene, generated from propionyl chloride and triethylamine, was carried out leading to chiral allene 4 7 in 62% yield The sign of the optical rotation values may be predicted and a rough estimation may be done. In fact, the concept of an asymmetric screw pattern of polarisability at a chiral center was applied by Lowe 12a and Brewster 12b to work out an empirical rule for assigning the absolute configuration of optically active allenes. Therefore, according to the Lowe-Brewster's rule the penta-2,3-dienoic acid with S configuration should be dextrorotatory as indeed is the case.
The CD and UV spectra were recorded for chiral allenes 2 and 4, both having the isobornyl moiety but 4 having also axial chirality. The UV spectra of 2 and 4 are quite similar since the perturbations of molecular electronic states by alkyl groups, particularly the CH 3 group, are normally small, and as mentioned by Runge et al., 13 it was not expected that it would be very important in the allenic derivatives. However, the CD of 2 and 4 show quite distinct features, particularly in the 200-210 and 230-250 nm regions (Fig. 3) . A plausible reason for the difference found in the 200-210 nm region of the CD is the contribution of the np* carbonyl transition of the ester group, which is expected to be in the 200-215 nm range. The application of the octant rule for compound 4 indicates that a negative CD signal is predicted for the np* carbonyl transition.
14,15 For 4 this is seen at 205 nm, where a negative band is recorded over two positive peaks due to benzenic and allenic transitions (at u max 211 and <200 nm). Significant differences are also seen in the CD spectra of our allenes 2 and 4 in the 230-250 nm regions, where the S 7 , S 8 bands are expected to appear. The origin of these bands was previously explained for the phenylallenes.
13 While in the UV spectrum there are no significant differences due to the presence of the methyl group, in the CD of 4 these bands are much more intense. Therefore, as for the phenylallenes, 13 the S 8 band appears to reflect the characteristic stereochemical features of the allenic moieties, and differences are found in the CD spectra of 2 and 4 in the 230-250 nm range.
In conclusion, we report the reaction of ketenes, generated in situ from acid chlorides and triethylamine, with phosphorus ylides to give allenic compounds. The study allowed the synthesis of chiral allenic esters via an asymmetric Wittig reaction. Studies are underway in order to evaluate the scope of this synthetic methodology. stirred solution of the ylide 1 (0.4 g, 0.67 mmol), and triethylamine (0.16 mL) in tetrahydrofuran a solution of propionylchloride (0.67 mmol, 0.06 mL) in tetrahydrofuran (1.0 mL) was added dropwise. Figure 3 . CD spectra for compounds 2 and 4. (1H, d, J=14 .1 Hz), 4.69 (1H, dd, J=3.2 and 8.4 Hz), m), m, m, m, ; l C 12. 7, 19.7, 20.3, 27.1, 29.3, 39.4, 44.0, 49.4, 49.9, 55.0, 77.5, 88.1, 89.7, 127.7, 129.2, 133.5, 141.1, 164.2, 213 
